INTRODUCTION {#sec0005}
============

Cognitive impairment that is not severe enough to warrant a diagnosis of dementia is more prevalent than dementia, affecting approximately 20% of the United States population aged 70 and older \[[@ref001]\]. Around 60% of women with mild cognitive impairment (MCI) are current drivers, in contrast to 40% of women with dementia \[[@ref002]\]. There is a paucity of data on the road safety of individuals with MCI, as noted in a recent systematic review that only identified one relevant study \[[@ref003]\]. To date, one small study found that MCI drivers made more errors and performed less well on the road \[[@ref004]\] and another found similar results on a driving simulator \[[@ref005]\]. Importantly neither study found that performance was impaired to a degree that would render the drivers unsafe. It remains unclear whether older adults with MCI should be particularly targeted for assessment of driving safety.

To address the gap in knowledge regarding the effect of MCI on driving safety, the present study evaluated the driving safety of older adults with MCI compared to adults with normal cognition. The outcome measures included an on-road driving test (ORT) that generates a safety rating, and off-road screening tests that have been specifically developed for older drivers. A second aim was to evaluate off-road older driver screening tests and neuropsychological tests as predictors of driving safety in the full sample.

METHODS {#sec0010}
=======

Study population {#sec0015}
----------------

The sample was drawn from community dwelling adults in the city of Canberra and surrounding regional New South Wales, Australia, who responded to advertisements in newspapers, community groups, primary and tertiary care clinics, geriatricians, and older driver assessment services between 2013 and 2015, inviting them to participate in the Driving Ageing Safety and Health (DASH) project.

Recruitment targeted individuals with mild memory concerns, as well the general community of older drivers, with the aim of obtaining an MCI enriched sample. We excluded participants who reported a prior diagnosis of dementia (*n* = 8). Of 327 respondents, 302 participated in the ORT and met the criteria for this study. The age-range was 65--96 (mean = 75.67, SD = 6.18, SD, 40.4% female).

Standard protocol approvals and consents {#sec0020}
----------------------------------------

The protocol was approved by the Human Research Ethics Committees (HREC) of Australian National University (2012/643), and of the ACT Government Health Directorate (ETH.2.13.028). Informed, written consent was obtained from all participants.

Procedure and measures {#sec0025}
----------------------

Participants attended the Centre for Research on Ageing, Health and Wellbeing at the Australian National University for a comprehensive neuropsychological, sensorimotor, and driver skill assessment. Participants completed questionnaires on driving habits, medical conditions, falls, and instrumental activities of daily living (IADLs) \[[@ref006]\]. An ORT was administered by a Driver trained Occupational Therapist (OT) and state-accredited driving instructor (DI). Both were masked to the results of the off-roadassessment.

### Cognitive assessment {#sec0030}

The neurocognitive test battery assessed domains required for diagnosis of MCI using the Winblad Criteria \[[@ref007]\]. Performance within each cognitive domain was calculated as the mean standardized score (z-score) of the component tests and standardized relative to age, education, and gender based normative data obtained from published sources \[[@ref008]\] and expressed in z-scores. The domain of Complex Attention comprised performance on the Stroop Color Word Test -- dots and non-color words (Victoria Version \[[@ref008]\]). Executive Function comprised a test of working memory (Digit Span Backwards \[[@ref013]\]), a test of cognitive flexibility (Trail Making Test B from the Halstead-Reitan Battery \[[@ref014]\]), color-word response inhibition task of the Stroop Color Word Test \[[@ref008]\], and decision making under explicit risk in the Game of Dice Test \[[@ref010]\]. The Game of Dice Test assesses propensity for risky decision-making by having participants predict the outcome of a dice roll. Learning and Memory comprised immediate and delayed recall from the California Verbal Learning Test \[[@ref015]\]. Visuospatial function was assessed with the copying task from the Benton Visual Retention Test \[[@ref016]\] (Administration C). Language was assessed with Letter Fluency from the Halstead-Reitan Battery \[[@ref014]\] and Boston Naming Test-15item \[[@ref017]\].

### Subjective memory complaints {#sec0035}

Subjective memory complaints were assessed using the Memory Complaints Questionnaire (MAC-Q) \[[@ref018]\]. A cut-off score of 25 or greater represents clinically significant subjective concerns \[[@ref018]\].

### Classification of MCI {#sec0040}

Diagnosis of MCI was conducted by a clinical neuropsychologist using the Winblad Criteria \[[@ref007]\]. These criteria were operationalized such that participants had to be a) not demented defined as MMSE \> 22; b) subjectively report cognitive decline defined as MAC-Q score \>24 \[[@ref018]\]; c) have objective cognitive impairment defined as more than 1 standard deviation below the age and education stratified published norms (i.e., z-score\< -- 1.0) in any of the cognitive domains assessed (Complex Attention, Learning and Memory, Language, Visuospatial skills, and Executive Function); and d) have minimal IADL impairments operationalized as no HRS IADL difficulties \[[@ref006]\] attributed to cognition which have published internal reliabilities of 0.69 to 0.86 \[[@ref019]\]. The same criteria using identical measures were evaluated against clinically diagnosed MCI in a large cohort study of older adults drawn from the same geographical region \[[@ref020]\]. Results showed the criteria had 0.72 sensitivity and 0.86 specificity, with Area under the Curve of 0.802 (95% CI: 0.76--0.85) in the cohort (*n* = 1,644).

### On-road driving test {#sec0045}

Participants completed a 50- min ORT in an automatic vehicle with dual brake controls fitted, which followed a standard, validated protocol and scoring procedure that has been described previously \[[@ref022]\]. Briefly, the route was pre-determined and incorporated situations that drivers typically encounter during suburban driving. The driving instructor provided turn by turn navigation instructions for 80% of the driving route. The remaining 20% of the drive was completed through self-navigation by the participants who were instructed to drive to a pre-determined destination. Seated in the rear passenger seat, the occupational therapist (OT) scored the participants' driving performance in the areas of general observation (scanning and attention), blind spot checks, lane positioning, braking/acceleration (appropriate speed and braking), gap selection (gap selected when entering traffic or the gap between the driver and other vehicles), and approach (appropriate planning and preparation) \[[@ref023]\]. Indication/signaling (appropriate use of directional indicator) were also assessed where appropriate. Drivers' safety was also rated independently by both the OT and DI using an error based scale of 1 to 10 \[[@ref022]\], with lower scores indicating lower driving safety. A driver's safety rating was based on three factors: the severity of the driving errors made, the frequency of the driving errors, and the need for intervention from the DI. The higher the involvement from the driving instructor (e.g., emergency breaking or steering to prevent a collision), and the higher the repeated driving errors, the lower the safety rating. Drivers with scores ranging from 1 to 3 demonstrated multiple serious driving errors which reflected loss of the skill level required to complete the driving task safely in simple and complex traffic. Typically in these cases, the DI was required to intervene on multiple occasions to prevent an accident or dangerous situation, and if undertaking a local licensing test, the driver's performance would likely result in a fail and possible loss oflicense.

This is similar to the classification used in the Washington University Road Test \[[@ref024]\] (see \[[@ref003]\] for a review) and is the methodology we have reported previously \[[@ref022]\]. Drivers deemed as unsafe were counselled regarding their performance on the day and advised to follow up with their general practitioner. Inter-rater reliability of test scores between the DI and OT (using the same scale) was high (intra-class correlation = 0.94 (95% CI: 0.93--0.95), *n* = 295).

### Off-road screening tests for driving safety {#sec0050}

The Useful field of view (UFOV^®^) (Subtest 2) is a PC-based test of visual processing speed and divided attention, with high reliability and validity demonstrated in other large studies for predicting crash risk \[[@ref027]\]. Participants attended to two target stimuli presented simultaneously on screen: a central schematic image of a car or truck with a second car figure presented randomly at one of eight peripheral locations at an eccentricity of 10° \[[@ref029]\]. The stimulus presentation time was reduced based on an adaptive protocol to arrive at a threshold presentation time (in milliseconds) that produced a 75% correct responserate.

DriveSafe/DriveAware^®^ \[[@ref030]\] is a validated clinical screening tool for driving safety \[[@ref031]\]. The DriveSafe component was used. This test consists of 15 images of the same rotary, or roundabout (an alternative to a four-way stop), on a screen to simulate the view through a windshield, in which the number and position of pedestrians and vehicles vary. Participants observe each image for 3 seconds and, when the image has been removed from the screen, verbally report details about the position and direction of travel of each pedestrian and vehicle in the image. The number of correctly recalled details of the vehicles and pedestrians in each scene were scored. A score of \> 95/128 is reported in the literature as a cut-point to classify safe from unsafe drivers \[[@ref030]\]. An additional multiple choice questionnaire (DriveSafe Intersections) assessed knowledge of road law. The 14-item Road Rules and Road Craft test (Road Law) comprises 14 questions about road safety and has been shown to correlate with ORT performance in a clinical sample and researchsamples \[[@ref032]\].

### The Multi-D test battery {#sec0055}

Our previously described battery \[[@ref025]\] was used. Briefly, a Color Choice Reaction Time test (CARS-RT) was administered on a computer requiring response to a car that appeared in a quadrant of the screen. Participants responded with their left or right hand when the car appeared in the top left or right quadrants respectively, and left and right foot (by pressing a pedal) when the car appeared in the left or right lower quadrants, respectively. The test also required inhibiting responses. The Dot motion test is a computer-based measure of central motion sensitivity (D~min~) using random dot stimuli presented at a working distance of 3.2 m \[[@ref034]\]. Within the total field of dots, a smaller central panel of dots that subtended 2.9° at the working distance of 3.2 m moved coherently in one of four directions. Thresholds were given as the minimum displacement of motion of the dots that participants were able to detect. Postural sway (displacement of the body at the level of the waist) was measured with a Swaymeter \[[@ref035]\] with the participant standing on a foam rubber mat (40 cm×40 cm×15 cm thick) of medium density with their eyes closed. A composite score for the Multi-D was calculated yielding the probability of failing an ORT, that also included their answer to a question about how many kilometers they drive each week \[[@ref036]\]. The score was based on the algorithm developed from a population-basedstudy \[[@ref025]\].

Statistical analysis {#sec0060}
--------------------

Sample size was powered to detect a difference between safe and unsafe drivers using a test battery that classified safe and unsafe drivers in the community at alpha = 0.01^12^ using an estimated effect size of Cohens f^2^ = 0.13. Means for each group on cognitive and driver screening measures were estimated using generalized linear models that adjusted for age and gender. A series of hierarchical logistic models were used to estimate odds of being classified as an unsafe driver (score of 1--3 compared with 4+) on the ORT. Model 1 evaluated the neuropsychological tests after adjusting for age and sex; Model 2 added the off-road driver screening measures. A further model used forward selection to identify the predictors in the best fitting model. Missing data on predictor variables was less than 3% for all except UFOV^®^ (5.3%), CARS-RT (7%), and DriveSafe (5.7%) and were imputed using the Expectation Maximum Likelihood algorithm in SPSS.

RESULTS {#sec0065}
=======

Sample characteristics {#sec0070}
----------------------

Fifty-seven participants were classified as MCI and 245 were classified as cognitively normal (CN). [Table 1](#jad-57-jad161209-t001){ref-type="table"} shows the characteristics of these two groups. Both groups were aged in their mid-seventies, had driven for over 50 years, and had high levels of education. They did not differ in age, sex distribution, MMSE score, years of education, marital status, self-rated health, years driving, or the number of days per week participants reported driving. The MCI sample reported more subjective memory concerns and drove slightly less per week. The MCI group performed more poorly on all cognitive measures, reflecting their clinical diagnosis ([Supplementary Table 1](#S1){ref-type="supplementary-material"}).

###### 

Characteristics of the cognitively normal and the MCI groups who completed on-road assessments

  Variable                              Cognitively Normal         MCI         *p*-value
  ------------------------------------ -------------------- ----------------- -----------
  Age                                      75.68 (6.12)       75.42 (6.31)       0.71
  Education                                15.76 (3.95)       15.15 (4.11)       0.25
  MMSE                                     28.86 (1.37)       28.89 (1.25)       0.70
  Female                                    98 (40.8%)         23 (40.4%)        0.94
  Marital status                                                                 0.40
    Married                                152 (63.6%)         35 (62.5%)     
    Widowed                                 49 (20.4%)          9 (16.1%)     
    Never married                           14 (5.8%)           2 (3.6%)      
    Separated/divorced                      25 (10.4%)         10 (17.9%)     
  SF12 Physical health                     41.39 (9.44)       43.58 (9.11)       0.15
  SF12 Mental health                       55.91 (7.96)       55.46 (8.24)       0.52
  MAC-Q (subjective memory concerns)       24.80 (4.27)       27.54 (2.52)      \<0.001
  Driving experience (y)                   56.28 (7.01)       54.70 (8.11)       0.16
  Days driven per week                     5.66 (1.51)         5.33 (1.95)       0.021
  Distance driven per week (km)          196.74 (218.34)     162.38 (186.63)     0.31

MMSE, Mini-Mental State Examination; SF12, 12-Item Short Form Survey; MAC-Q, Assessment of Memory Complaints Questionnaire; MCI, mild cognitive impairment.

On-road test and off-road driving safety tests {#sec0075}
----------------------------------------------

Performance of each group on the ORT and the off road screening measures, adjusted for age and gender is shown in [Table 2](#jad-57-jad161209-t002){ref-type="table"}. The MCI group had a lower average safety rating on the ORT but the difference was less than one point. The mean rating scores were not high and the range of the scores for both groups was wide (2--9 for the CN and 1--8 for the MCI groups). [Figure 1](#jad-57-jad161209-g001){ref-type="fig"} illustrates the distribution of scores on the ORT ratings for the MCI and the CN groups.

###### 

Estimated marginal means for on-road test and driver screening tests unadjusted Mean (standard deviation)

  Variable                     Cognitively Normal         MCI         *p*-value
  --------------------------- -------------------- ----------------- -----------
  Driver safety rating            6.05 (1.51)         5.61 (1.77)       0.021
  UFOV^®^ Score (ms)            136.13 (130.00)     157.54 (126.76)     0.177
  Dot Motion (log deg. arc)      --1.78 (0.21)       --1.70 (0.23)      0.006
  CARS-RT (ms)                  928.42 (154.64)     964.88 (159.01)     0.060
  Postural sway (mm)            364.11 (178.91)     377.18 (178.13)     0.645
  Multi-D Risk score (%)         19.93 (27.66)       28.60 (29.34)      0.021
  DriveSafe Score                 89.43 (0.84)       82.29 (1.75)      \<0.001
  DriveSafe Intersections         6.42 (0.09)         5.85 (0.18)       0.004
  14-Item Road Law                31.58 (0.27)       30.90 (0.55)       0.262
  Maze Test Time (s)             31.16 (20.09)       27.60 (15.22)      0.11

Adjusted for age and gender. The Multi-D risk score is a weighted composite of Dot Motion, CARS-RT, Postural sway, and km driven per week that reflects the probability of failing the ORT using data from a population-based study \[[@ref025]\]. UFOV^®^, Useful Field of View; CARS-RT, Color Choice Reaction Time test.

![Overlapping distributions of on-road safety ratings. Left panel shows spline smoothed stacked area histogram of frequency as a function of on-road test safety rating and cognitive impairment category (black: Mild Cognitive Impairment; grey: Cognitively Normal). Right panel shows line graph of percentage of cognitively impaired (black line) and cognitively normal (grey line) participants as a function of on-road test safety rating.](jad-57-jad161209-g001){#jad-57-jad161209-g001}

In age- and sex-adjusted models, the MCI group performed worse on Dot Motion, Multi-D risk score, and the DriveSafe tests. The standard deviations for the DriveSafe Score were large for both groups. On average, both groups scored below the cut-point for safe driving on the DriveSafe test.

Off road predictors of driving safety across the entire sample {#sec0080}
--------------------------------------------------------------

To identify whether specific neuropsychological deficits or driver screening tests were associated with unsafe driving (safety rating \< 4 on the ORT) in the entire sample (including MCI), we conducted hierarchical logistic regression ([Table 3](#jad-57-jad161209-t003){ref-type="table"}). No neuropsychological variables predicted unsafe driving in Model 1, and in Model 2 only the Multi-D score (a weighted composite of CARS-RT, Dot Motion and Sway) \[[@ref025]\] was significant. A model using Forward selection resulted in age, DriveSafe, and Multi-D being the best predictors of driver safety and classified 90.4% of the sample correctly.

###### 

Logistic regression models of neuropsychological tests and driver screening tests as predictors of OT On-Road Test Safety Rating in the full sample

  Models including all variables                                                       
  ----------------------------------------- --------------- ------ ------------------- ----------------
  CVLT Delayed Recall                        --0.06 (0.09)   0.51      0.04 (0.09)           0.65
  Boston naming                              --0.05 (0.09)   0.56     --0.08 (0.09)          0.40
  Digits Backwards                           --0.00 (0.00)   0.11     --0.00 (0.00)          0.10
  BVRT (Copy)                                --0.10 (0.15)   0.52     --0.16 (0.16)          0.32
  COWAT                                      --0.03 (0.02)   0.11     --0.01 (0.02)          0.65
  Trail Making Test B (s)                     0.00 (0.00)    0.68      0.00 (0.00)           0.95
  Stroop Color Word Test (s)                  0.01 (0.01)    0.30      0.00 (0.01)           0.68
  UFOV^®^ Score (ms)                                                   0.00 (0.00)           0.27
  Multi-D                                                            **2.35 (0.81)**    **\<0.01\*\***
  DriveSafe Score                                                     --0.03 (0.02)          0.12
  DriveSafe Intersections                                             --0.22 (0.17)          0.20
  14-Item Road Law                                                     0.01 (0.06)           0.82
  Maze Test Time (s)                                                  --1.09 (1.88)          0.56
  Forward selection of best fitting model                                              
  Age                                                               **--0.13 (0.05)**   **\<0.01\*\***
  DriveSafe Score                                                   **--0.04 (0.02)**     **0.02\***
  Multi-D                                                            **1.78 (0.78)**      **0.02\***

\**p* \< 0.05, \*\**p* \< 0.01. Model 1 and 2 Results adjusted for age and gender. Note cut-off on ORT was 1--3/4--10 for unsafe/safe. CVLT, California Verbal Learning Test Immediate Recall; BVRT, Benton Visual Retention Test; COWAT, Controlled Oral Word Association Test; UFOV^®^, Useful Field of View. Bold indicates are *p*-values.

Predictors of the full ORT score were also evaluated using linear regression with the ORT as a continuous measure. Delayed recall, Digits backwards and Boston Naming, Stroop, DriveSafe Intersection, and the Multi-D were significant predictors in a combined model which accounted for 30% of the variance in the ORT score ([Supplementary Table 2](#S1){ref-type="supplementary-material"}). A regression model using stepwise selection to identify the best predictors of the continuous ORT score selected age, DriveSafe and Intersections and accounted for 24% of variance. Intercorrelations among all measures are reported in [Supplementary Table 3](#S1){ref-type="supplementary-material"}.

Self-reported driving habits, confidence, and crashes {#sec0085}
-----------------------------------------------------

The CN and MCI groups did not differ in their rates of self-reported crashes, self-reports of how fast they drive, or their rating of their driving quality. The MCI group was more likely to report driving more slowly than others ([Table 4](#jad-57-jad161209-t004){ref-type="table"}).

###### 

Self-reports of driving referral, self-ratings and crashes for CN and MCI participants

                                                        CN           MCI            Statistic, *p*-value
  ------------------------------------------------ ------------- ------------ ---------------------------------
  Crashes in last 5 years                                                     
    Yes                                                 62            18                    0.39
    No                                                  169           38      
  How would you rate the quality of your driving                              
    Excellent                                       26 (10.9%)     5 (9.0%)                 0.80
    Good                                            140 (58.6%)   33 (55.9%)  
    Average                                         68 (28.4%)    15 (25.4%)  
    Fair                                             5 (2.1%)      2 (3.4%)   
  Self-rated driving speed compared to others                                 
    Much faster                                          0         1 (1.8%)    *χ*^2^ (3) = 11.65, *p* \< 0.01
    Somewhat faster                                  18 (7.6%)     3 (5.5%)   
    About the same                                  201 (83.4%)   40 (72.7%)  
    Somewhat slower                                  19 (8.0%)    11 (20.0%)  

CN, cognitively normal; MCI, mild cognitive impairment.

DISCUSSION {#sec0090}
==========

To our knowledge, this is the largest study of driving safety in current drivers with a diagnosis of MCI including an ORT. Participants classified as MCI are typical of patients referred to physicians and clinical neuropsychologists for expert opinion on their fitness to drive and are a rapidly growing segment of the driving population. Results from this study demonstrate the difficulty of generalizing about driving safety in this group based only on a diagnosis of MCI. The average safety rating for those with MCI was lower than the CN group by less than one point (6.05 (SE = 1.51) versus 5.61 (SE = 1.77)) on a 10-point scale, and the distribution of scores did not differ between groups. In clinical terms, safety ratings of 5 and 6 indicate skill deficiencies that pose little threat to other drivers, but may cause failure on a local licensing test, and show a capacity for improvement through intervention. A safety rating of 6 primarily indicates lack of defensive driving skills, requiring minimal instructor intervention, while the rating of 5 indicates a greater degree of faults and instructor prompting. Both CN and MCI groups included individuals who scored poorly on the ORT (i.e., safety rating \< 4) and off road screening measures. Previous work has shown only marginally reduced fitness to drive in older adults with MCI \[[@ref004]\].

Consistent with our previous work showing that driving errors increase with chronological age \[[@ref037]\], age was the most consistent predictor of ORT performance. Regression models accounted for about 24% of the variation in ORT. This is a substantial component of variance but also indicates that our measures did not capture all predictors. Performance on tests of skills that have been shown to be relevant to driving were better predictors of driving safety than MCI status. These results emphasize the need for evidence-based assessment of drivers using tests developed to address the specific deficits that have been scientifically linked to unsafe driving. General tests of cognitive or visual function fail to provide the degree of accuracy that is provided by these driving specific tests.

In the model combining neuropsychological tests with off-road driving specific screening tools, none of the neuropsychological measures remained a significant predictor of the ORT. This again emphasizes that driving specific screening tools, many of which incorporate cognitive skills such as visual selective attention, pattern recognition, traffic related reasoning, and reaction time, are more informative than general neuropsychological tests. These have greater ecological validity, assess skills that are clearly relevant to the driving task, and have been validated against ORTs. Some previously validated tests were not significant predictors in our study such as the UFOV^®^. It is possible that this reflects differences between samples or a lack of statistical power. However, the MCI group performed worse on the DriveSafe tests and the Multi-D battery score which have all been linked to ORT safety scores or crash risk.

Our findings suggest that MCI is associated with a slightly increased risk of unsafe driving but that a diagnosis of MCI should not be used independently in fitness to drive evaluations because of the wide variation in skills of drivers with MCI. Moreover, MCI is difficult to diagnose accurately within a primary care setting which is the first stage in the majority of fitness to drive evaluations \[[@ref038]\]. We recommend that on-road driving performance and validated tests of driving skills be the key focus of driving assessments. In addition, the stability of MCI diagnosis over time is well known to be low, with around 24% of MCI reverting to normal at follow-up \[[@ref039]\]. Thus, diagnoses of mild cognitive disorders are unsuitable for guiding major decisions regarding license cancellation that have lasting impacts on patient independence.

Driver self-ratings of the normal and MCI groups show few differences. Groups did not differ in their driving frequency or distances driven per week but reported driving slightly fewer days, consistent with previous reports that cognitive impairment is associated with driving self-regulation \[[@ref024]\]. Previous research has shown that self-assessment of driving safety is not reliable in older adults \[[@ref040]\] and that as older adults, abilities decline they will not necessarily make appropriate adaptations.

Study limitations included lack of informant assessment of cognitive decline, and lack of long term follow-up for crashes and the use of self-reported data to obtain information on distance driven. However, a two-year follow-up of the sample is ongoing. Despite the sample being large compared with previously published studies, it was still small for the purpose of generating robust risk estimates.

Conclusion {#sec0095}
----------

We conclude that adults with MCI are not at an obvious increased risk of unsafe driving despite poorer performance on selected off-road screening measures. Specialized assessments of abilities relevant for driving are more useful than neuropsychological tests for predicting driving safety in adults with normal cognition and MCI.

Supplementary Material
======================

###### Supplementary Tables

###### 

Click here for additional data file.
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